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(57) ABSTRACT 
A security blank is formed with a light-redirecting spa 
tial structure including a deterministic component es 
tablishing at least one authenticating feature, and a sto 
chastic component superimposed on the deterministic 
component, and sufficiently obscuring the deterministic 
component so as largely to frustrate recognition of the 
function of the authenticating feature by intensity mea 
surement of light reflected therefrom. Recognition of 
the function of the authenticating feature is made possi 
ble by a method and an apparatus measuring the degree 
of coherence of two narrow bundles of light rays ob 
tained from light reflected from the spatial structure 
upon its illumination by light of a selected wavelength. 

47 Claims, 42 Drawing Figures 
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1. 

SECURITY BLANK WITH ENHANCED 
AUTHENTICATING FEATURES, AND A METHOD 
AND AN APPARATUS FOR DETERMINING THE 
GENUINENESS OF THE SECURITY BLANK 

BACKGROUND OF THE INVENTION 

Most of the documents currently in use, such as bank 
notes, credit cards, identity cards, railroad tickets, air 
line tickets, checks and the like, can be forged by mod 
ern reproduction methods with no great difficulty. 
Many proposals have been made with the aim to pro 
vide such documents with authenticating features, 
which increase the expense of successfully forging the 
document, and therefore increase its security, that is, 
lower the probability that it may be successfully forged. 
A relatively high degree of security from forging is 
attained, if authenticating features in the form of spatial 
structures are embedded in the document, which bend 
or diffract incident light in a characteristic manner. 
Such spatial structure, for example, holographically 
manufactured structures, phase diffraction gratings and 
kinoforms, can only be manufactured at a high technical 
cost. As a result of measurable aspects of spatial inten 
sity distribution of light scattered from such documents, 
automatically operating test devices may determine the 
genuineness of such documents. 
There is known a method of determining the genuine 

ness of a document or security blank from German 
Patent DE2538875, which includes a light-redirecting 
spatial structure establishing at least one authenticating 
feature. The method includes the steps of illuminating 
the spatial structure, forming from light scattered from 
the spatial structure two narrow bundles of light rays, 
converting the two bundles of light rays into electric 
signals, determining a characteristic measurement value 
for the spatial structure, and forming “yes” or "no" 
outputs in dependence of the characteristic measure 
ment value. The document includes a phase diffraction 
grating, which diffracts or bends the energy obtained 
from a light source in a predetermined ratio along indi 
vidual specified directions. When examining the docu 
ment and determining whether or not it is genuine, it is 
considered genuine when the diffractions of light en 
ergy distributed along certain directions have a prede 
termined ratio to one another. 
From German Patent DE2814890 it is also known to 

determine the genuineness of a document which has a 
phase diffraction grating embedded therein, by compar 
ing the intensity of light diffracted along a certain direc 
tion with the intensity of diffusely scattered light. 

It is also known to embed a security thread in bank 
notes which has the form of a flat metal strip or plastic 
strip and a rectangular cross-section. Such security 
threads which are easily visible, and can also be easily 
felt, permit a simple and rapid examination relating to 
the genuineness of the document. Embedding of the 
security thread in a paper layer or plastic layer requires, 
however, a costly process, which is difficult for a forger 
to reproduce. To further decrease the risk of forging, 
and thus enhance the security of the document, and to 
automatically establish the presence and genuineness of 
the security thread by a machine, it is known from 
German Pat. No. DE2205428 to provide the security 
thread with microscopically small openings, which 
may, for example, represent a code pattern, which can 
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2 
then be read out with the aid of light beams or particle 
beams. 

SUMMARY OF THE INVENTION 

It is one of the principal objects of the present inven 
tion, to devise a security blank with enhanced authenti 
cating features, and a method and an apparatus for de 
termining the genuineness of the security blank, which 
can detect forgeries of genuine documents at a high 
degree of reliability, and which further permits to hide 
an authenticating feature in the document, which can 
only be established with great difficulty by conven 
tional methods of testing the genuineness of documents, 
but can easily be established by the method of the pres 
ent invention. 
The present invention is based on the recognition that 

the object of the invention can be attained by the further 
development and practical application of scientific the 
oretical investigations dealing with the subject of in 
verse optical problems remote from the field of the 
present invention. From the International U.R.S.I. 
Symposium on electromagnetic waves held in Munich, 
Federal Republic of Germany from Aug. 26 to Aug. 29, 
1980, and as stated on pages 315C/1 to 315C/2, that in 
a partially coherent source having a periodic phase 
profile obtained by the superposition of a phase diffrac 
tion grating and a randomly diffusing element, the pres 
ence of the periodic phase profile can be established 
more easily by measuring the degree of coherence of 
scattered light rays than the intensity thereof. 

This object is attained in a method of determining the 
genuineness of a security blank having a light-redirect 
ing spatial structure establishing at least one authenti 
cating feature, which includes illuminating the spatial 
structure, forming from light scattered from the spatial 
structure two narrow bundles of light rays, and con 
verting the two bundles of light rays into electrical 
signals, by the improvement which comprises the steps 
of determining the degree of coherence between the 
two bundles of light rays, forming "yes' or 'no' out 
puts in dependence of the degree of coherence deter 
mined, and ascertaining from the outputs information 
pertaining to the genuineness of the security blank. 

BRIEF DESCRIPTION OF THE DRAWING 

For a fuller understanding of the nature and objects 
of the invention, reference should he had to the follow 
ing detailed description, taken in connection with the 
accompanying drawings in which: 

FIG. 1 is a cross-section of a security blank including 
an authenticating feature; 

FIG. 2 is another cross-section of the security blank 
including another version of an authenticating feature; 

FIG. 3 is a block diagram of a first apparatus for 
determining the genuineness of a security blank; 

FIG. 4 is a diagram of the intensity of interference 
fringes as a function of the path- or phase-difference of 
two coherent light rays; 

FIG. 5a is a diagram of the intensity versus the de 
flection of a phase diffraction grating having a grating 
constant g, where the intensity is determined by con 
ventional methods; 
FIG. 5b is a diagram of the intensity versus the de 

flection angle of a diffuse scatterer having a correlation 
length l, where the intensity is measured by conven 
tional methods; 
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FIG. 5c is a superposition of a diffraction grating and 
a diffuse scatterer, where 1 is approximately equal to g, 
showing light intensity versus the deflection angle; 
FIG. 5d is a superposition of a diffraction grating and 

a diffuse scatterer, where lis approximately g/10, show 
ing light intensity versus the deflection angle; 
FIG. 5e is a superposition of a diffraction grating and 

a diffuse scatterer, where is approximately g/20, show 
ing light intensity versus the deflection angle; 
FIG. 6a is a plot of intensity versus the deflection 

angle of a phase diffraction grating having a diffraction 
constant g, according to the method of the present 
invention; 

FIG. 6b is a plot of intensity versus the deflection 
angle of a purely diffuse scatterer having a correlation 
length 1, according to the method of the present inven 
tion; 

6c is a plot of intensity versus the deflection angle of 
phase diffraction grating and a diffuse scatterer where 
is approximately equal to g; 
FIG.6c is a plot of intensity versus the deflection 

angle of phase diffraction grating and a diffuse Scatterer 
where is approximately equal to g/10, according to the 
method of the present invention; 
FIG. 6e is a plot of intensity versus the deflection 

angle when a diffuse scatterer is superimposed on a 
phase diffraction grating, where 1 is approximately 
equal to g/20; 
FIG. 7 is a second version of an apparatus for deter 

mining the genuineness of a security document; 
FIG. 8 is a diagram of the intensity of the interference 

fringes of two coherent light waves as the function of 
the phase difference or path length between two light 
beans; 

FIG. 9 is a diagram of the intensity versus phase 
difference similar to FIG.8, but at an angular position 
of the security document having light incident thereon 
at an angle other than 90'; 

FIG. 10 is a diagram of the contrast, which is a rela 
tion of the maxima and minima of the intensities shown 
in FIG. 8, versus the phase difference or path length of 
two coherent light sources when the security document 
has light incident thereon at an angle of 90; 
FIG. 11 is a third version of an apparatus for deter 

mining the genuineness of a security blank; 
FIG. 12 is a fourth version of an apparatus for deter 

mining the genuineness of a security blank; 
FIG. 13 is a schematic diagram illustrating a method 

of illuminating a document or security blank which 
includes a deterministic component and a stochastic 
component, so that its genuineness cannot easily be 
determined by intensity measurement, but can be deter 
mined by measurement of coherence of light rays pass 
ing through the authenticating features; 

FIG. 14 is a diagram of the absolute value of the 
contrast as a function of deflection angle; 

FIG. 15 is a cross-section of a security blank includ 
ing a carrier and an authenticating feature in the form of 
a strip embedded therein; 
FIG. 16 is a cross-section of the security blank similar 

to FIG. 15, but showing another cross-sectional shape 
of the authenticating feature; 

FIG. 17 is a cross-section of a security blank illustrat 
ing a ray dividing device; 

FIG. 18 is a cross-section of a security blank similar 
to FIG. 15, but showing an authenticating feature in 
cluding a reflection layer; 
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4 
FIG. 19 is a cross-section of a security blank similar 

to FIG.15, but where the authenticating feature has an 
irregular cross-section; 
FIG. 20 is a fifth version of an apparatus for deter 

mining the genuineness of a security blank; 
FIG. 21 is a sixth version of an apparatus for deter 

mining the genuineness of a security blank; 
FIG.22 is an image of contrast obtained from the 

apparatus shown in FIG. 20 with an odd number of 
image reversals; 
FIG. 23 corresponds to FIG.22 but with an even 

number of image reversals; 
FIG. 24 is a diagram of contrast versus deflection 

angle according to the apparatus of FIG. 20; 
FIG. 25 is a diagram of contrast versus deflection 

angle according to the apparatus of FIG. 21; 
FIG. 26 is a diagram of intensity versus deflection 

angle of interference fringes according to the apparatus 
of FIG. 20; 
FIG. 27 is a diagram of intensity versus deflection 

angle of interference fringes according to the apparatus 
of FIG.21; 
FIG. 28 is a seventh version of an apparatus for deter 

mining the genuineness of security documents; 
FIG. 29 is an eighth version of an apparatus for deter 

mining the genuineness of a security blank; 
FIG. 30 is across-section of a security blankin which 

an authenticating feature is embedded at an angle to the 
main surface of the security blank; 
FIG. 31 is a perspective view of the authenticating 

feature of FIG. 30; 
FIG. 32 is a cross-section of a security blank contain 

ing an authenticating feature with a microscopically 
superimposed diffusing feature; 
FIG.33 is a cross-section of a security, blank includ 

ing an authenticating feature embedded therein, and a 
partially light-transparent reflective layer superimposed 
thereon; and 
FIG. 34 is a perspective view of a security thread 

used for embedding in a security blank, which has a 
cross-section other than circular or rectangular, and a 
microscopic embossment structure on its surface. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, the document or 
security blank illustrated in FIG. 1 may be a credit card, 
an identity card, a railroad ticket, bank note, airline 
ticket, check or the like. It includes one of several au 
thenticating features in the form of a spatial structure 2 
including a deterministic component 2", which deflects 
light incident thereto by diffraction or bending of the 
transmitted or reflected light in at least one predeter 
mined direction, and may be implemented by a phase 
hologram, a phase diffraction grating, kinoform, or the 
like, and the genuineness of which may be examined in 
an automated test apparatus based on light Scattered 
from the structure 2. In the example illustrated the de 
terministic component 2 consists of a phase diffraction 
grating, which has been embedded in a substantially flat 
thermoplastic substrate 3, and is covered with a thin 
reflection layer 4. A protective layer 5, which in the 
example illustrated has a coarse and diffusely scattering 
surface, protects the phase diffraction grating and the 
reflection layer 4 from mechanical damage. The coarse 
surface of the protecting layer 5 forms a stochastic and 
diffusely scattering component 2", of the structure 2 
which is superimposed on the deterministic component 
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2. It is advantageous if the substrate 3 is non-transpar 
ent to light, and if the protecting layer 5 is transparent 
only for infrared light, so that at least the deterministic 
component 2" of the structure 2 is hidden from the 
human eye. 5 

Typical measurement distances of the deterministic 
component 2", in the case of a diffraction grating the 
grating constant, have been denoted in FIG. 1 with g, 
and the correlation length of the stochasting component 
2" has been denoted as . The correlation length 1 is, 10 
simply expressed, the average particle size of the sur 
face roughness of the stochastic component 2'. Ex 
pressed more accurately, represents the length, which 
taken along a stochastic height dimension h(s) is a func 
tion of the length dimensions, and still shows a certain 
correlation, namely h(s) can still be statistically corre 
lated with h(s-). Here h is the height dimension and s 
the longitudinal dimension of the stochastic component 
2". 
The protective layer 5 may, for example, also consist 

of a material having a spatially fluctuating index of 
refraction and have a smooth surface. In this case the 
correlation l of the stochastic component, roughly 
speaking, will be understood as the average "particle 
size' of the fluctuation of the refractive index. 
The document 1' of FIG. 2 differs from the document 

1, in that the phase diffraction grating is disposed on an 
undulatory surface, namely a surface other than the flat 
surface of the substrate 3, forming the stochastic com 
ponent of the structure 2. 

In FIG. 3 a light source 6 irradiates a document 1 or 
1" by means of a light ray 7. The light ray 7 should at 
least be quasi-monochromatic, namely emit light at a 
selected wavelength, and have a certain spatial coher- 35 
ence, namely the correlation length immediately ahead 
of structure 2 should be at least equal to typical mea 
surement distances g of the deterministic component 2". 
The cross-section of the ray should, however, be large 
in comparison to the typical measurement distances g. 40 

In what follows the term “light' will be used, even 
though it will be understood to include also invisible 
light, such as light in the ultraviolet and infrared spec 
trun. 

The light reflected from the structure 2 is made to 45 
impinge on two light-sorting members 8 and 9, each 
passing a narrow light bundle 10 or 11 at a preferably 
adjustable average scattering angle 6 or 6'. Movable 
apertures, mirrors or prisms may be employed as the 
light-sorting members 8 and 9. They preferably operate 50 
synchronously, so that 6' = -8. 
The bundle of rays 10 passes through a deflecting 

member 12, a path difference member 13, as well as 
another deflecting member 14 to a superimposing or 
superposition member 17, and correspondingly the bun- 55 
dle of rays 11 passes through deflection members 15 and 
16 to the same superimposing or superposition member 
17, which reunites the bundles of light rays 10 and 11. 
The path difference member 13 generates a variable 
optical path difference between the bundle of light rays 60 
10 and 11. Mirrors, prisms, optical fibers, electro-optical 
deflectors and the like may serve as deflecting members 
12, 14, 15 and 16; a prism, movable mirror, a medium 
with a variable index of refraction and the like may 
serve as a path difference member 13, for example, and 65 
a semi-transparent mirror, a fiber-optical link and the 
like may serve as a superimposing or superposition 
member 7. 
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The reunited bundle of rays 10 and 11 impinge on 

photoelectric means 18, which may be implemented, for 
example, by a silicon diode, a photomultiplier, or the 
like. The photoelectric means 18 is connected to an 
electronic signal processor 19, to which there is post 
coupled an electronic decision circuit 20. 
A (non-illustrated) control apparatus controls the 

sequence of examining the document or security blank 
for genuineness, by providing the required mechanical 
or electronic adjustment signals, enabling signals or stop 
signals, and passing them to the members 6, 8, 9, 13, 18, 
19 and 20. But it may also operate a (non illustrated) 
drive, which, as a result of parallel displacement of the 
document 1, permits the establishment of an average 
value of the measurement, which will be described in 
what follows. 
To illustrate the method of operation, it will be ini 

tially assumed that the spatial structure 2 of a document 
is a symmetrical diffraction grating, and that the light 
sorting members 8 and 9 are so adjusted that 6 = 01, and 
that 6'= 0-1 = -01, where 01 is the angle of the first 
order of diffraction, and 6-1 is the negative value of the 
angle of the first order of diffraction of the diffraction 
grating. The control drive switches the light source 6 
on, and on the light-sensitive surface of the photoelec 
tric means 18 there appear interference fringes, in view 
of the interference between the bundle of rays 10 and 
11. The control drive controls the path difference mem 
ber 13 so that the path difference 6 is continuously 
changed. As can be seen from FIG. 4, therefore the 
intensity I = (6) of the interference fringes varies be 
tween a maximum value Imax, and a minimum value 
Ini. The photoelectric sensor means 18 detects the 
intensity I = I(6), and the signal processing means 19 
measures Inax and Imin, and calculates the so-called 
contrast u of the interference fringes according to the 
relation 

H = (Imax-Imin)/(Imax + Imin) 

The measured value of the contrast u is a value 
depending on the degree of coherence of the bundles of 
light rays 10 and 11, and is passed to the decision means 
20 as a measurement value to form a "yes' signal, or a 
'no' signal. The decision means 20 determines that the 
document or security blank 1 is genuine and therefore 
generates a "yes' signal, if the measurement value of the 
contrast pu. exceeds, for example a predetermined 
threshold value. 
The contrast is in general a function of the scattering 

angle 6,6' namely u = u(0,0) 
It is therefore advantageous to continuously vary the 

angle 6 and 6' to measure the contrast u as a function 
of the angles 6 and 6', and to compare the measured 
values determined in the decision means 20 with a pre 
stored threshold function. In this manner, for example a 
document or security blank including a diffraction grat 
ing is determined only as genuine if the degree of coher 
ence in several orders of diffraction is within respective 
predetermined limits. 
FIGS. 5a through 5e show intensity measurements 

made on various spatial structures according to the 
known intensity measurement methods obtaining angu 
lar intensities < I(6)d of the scattered radiation, 
wherein the brackets < . . . . ) denote the average 
value. The contrast u(61-0) obtained according to 
the degree of coherence measurement according to the 
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present invention, is shown in FIGS. 6a through 6e. The 
various figures apply for the following structures: 
FIGS. 5a and 6a apply to a pure phase diffraction 

grating having a grating constant g; 
FIGS. 5b and 6b only apply to a purely diffuse scat 

terer having a correlation length l; 
FIGS. 5c and 6c apply to the superposition of a phase 

diffraction grating and of a diffuse scatterer having a 
correlation length last g; 
FIGS. 5d and 6d apply to the superposition of a phase 

diffraction grating with a diffuse scatterer having a 
correlation length last g/10; and 
FIGS. 5e and 6e apply to the superposition of a phase 

diffraction grating with a diffuse scatterer having a 
correlation length last g/20. 

It will be easily seen that the degree of coherence 
measurement described permits a reliable determination 
pertaining to the genuineness of the document, even 
when the authenticating feature is strongly perturbed 
by a stochasting component, and even if the examina 
tion pertaining to the genuineness of the document is 
rendered more difficult by intensity distribution, or 
even made impossible thereby. The measurement of the 
degree of coherence therefore permits recognition of 
the authenticating features in the form of phase diffrac 
tion gratings, holograms and the like which, for exam 
ple are disposed on a coarse surface, or whose pattern is 
worn and therefore rendered more diffuse. 
The probability against successful forging can be 

further increased if, for example according to FIGS. 1 
and 2, a stochastic and diffusely scattering component 
2' is superimposed on the deterministic component 2 of 
the structure 2, which renders recognition of the func 
tion of an authenticating feature by intensity measure 
ment more difficult, or makes it impossible, but which 
still permits recognition thereof by measurement of the 
degree of coherence. This is made possible if the corre 
lation length l of the stochastic component 2' is at most 
one-fifth of the typical measurement g of the determinis 
tic component 2". 

FIG. 7 is a special and particularly simple apparatus 
for an interferometric measurement of the degree of 
coherence; parts identical to those shown in FIG. 3 
have been given the same reference numerals. The bun 
dle of light rays 10 and 11 are sorted out by means of 
mirrors 21 and 22, and deflected to a common detector 
plane 25 by means of two further mirrors 23 and 24. The 
angles 0 and 0' are firmly adjusted to 0 = 01 and 
0'= -81. The document or security blank 1 is disposed 
on a (non-illustrated) and pivotable holder, which per 
mits varying of the angle d between the surface of the 
document 1 and a plane at right angles to the axis of the 
ray of light. In the detector plane 25 there are disposed 
two photoelectric detectors 26 and 27 in such a manner 
that one photoelectric detectors senses a light Zone, and 
the other photoelectric detector a dark zone of the 
interference fringes appearing on the detector plane 25; 
a signal processing element 29 is postcoupled to the 
photoelectric detectors 26 and 27. 
The angle d is varied. A value of the angle d = 0 

corresponds to a perpendicular incidence of the light 
beam 7 on the document 1, and leads, as can be seen 
from FIGS. 8 and 10, to a maximum contrast u of the 
interference fringes, if the spatial structure 2 contains a 
diffraction grating. 
When b-70, however, no contrast appears, as can be 

seen from FIG. 9. The decision means 20 postcoupled 
to the signal processor 19 provides a "yes' signal, if the 
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8 
contrast pl exceeds a predetermined threshold value. 
The reliability of determining the genuineness of the 
document can be further increased if the "yes' signal is 
only generated when, upon pivoting the document 1, 
the change of contrast exceeds a predetermined value. 

In lieu of the contrast u of the interference fringes 
it is also possible to measure the so-called intensity cor 
relation of second order g(2). This will be further ex 
plained with the aid of FIGS. 11 and 12. The apparatus 
of FIG. 12 corresponds to the apparatus according to 
FIG. 3 as far as elements 6, 8, 9, 12 and 15 are con 
cerned. The light bundles 10 or 11 re-routed by the 
deflection members 12 or 15, respectively, impinge on 
photoelectric detection means 28 and 29, respectively. 
The photoelectric detection means 28 and 29 are con 
nected to the signal processing means 30, a decision 
means 31 being postcoupled to the signal processing 
means 30. 
When determining the genuineness of the document 

or security blank 1 the angles 0 and 0' are continuously 
varied. The signal processing means 30 operates as an 
electronic correlator and obtains the intensity correla 
tion g(2) (0,0) according to the equation 

f I(69). I(69 g2(0,0) = - sing this 
When the bundles of light rays 10 and 11 have a 

sufficiently large cross-section, the two values u and 
g(2) are related by the known relation g(2) = 1 + 2. At 
the output of the decision means 31 there appears a 
“yes' signal, if the intensity correlation g(2) exceeds a 
predetermined threshold. 

In FIG. 12 there is shown a special and particularly 
simple apparatus for measuring the intensity correla 
tion. The photoelectric detectors 28 and 29 serve both 
as sorting means for the bundle of light rays 10 and 11, 
and as detection means. The angle 0 is set to the value 
0=0 of the first order of diffraction. The photodetec 
tor 29 is arranged to be pivotable, so that the angle 
0's -61-A8 may be varied by the amount A6. The 
intensity correlation g(2) is maximal when A0=0. 

In the devices according to FIGS. 11 and 12, in lieu 
of two photoelectric detection means 28 and 29 a single 
photodetector can be used. Here, for example, the func 
tion I(6) and the measurement values are stored digi 
tally or in an analog manner; then the function I(6') is 
determined therefrom and g(2) is calculated. By means 
of a photodetector acting as a photomultiplier, and of an 
electronic counter used as a memory, it is possible to 
implement this version at a low technical cost. Such 
correlation measurement methods are known, for exam 
ple from the book "Photocorrelation and Light Beating 
Spectoscopy' 1974 Plenum Press, New York, and will 
therefore not be discussed here in further detail. 
With the aid of FIGS. 13 to 19 there will be illus 

trated a method which is more compatible with conven 
tional methods of manufacturing a document than the 
embedding of macroscopically fine light-bending struc 
tures, but which still provides a low probability of suc 
cessful forgery, and where the authenticating feature is 
hidden from the human eye. 
The security blank 41 in FIG. 13 may be a document, 

a bank note, a credit card, an identity card, a railroad 
ticket, an airline ticket, a check or the like. A carrier 42 
of the security blank 41 consists, for example of syn 
thetic material, paper or cardboard. An authenticating 
feature in the form of a spatial structure 43 is embedded 
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in the carrier 42, which is formed of a macroscopic 
(deterministic) optical element 43', and of a scattering 
element 43". The macroscopic optical element 43' is 
formed so that it deflects a light beam 44 incident on the 
document 41 according to the laws of geometrical op 
tics to at least two predetermined directions 45 and 46, 
by bending or reflection, (in the illustrated example by 
bending), and wherein the light beam 44 has a certain 
spatial coherence. The scattering element, namely the 
stochastic element 43", is in effect superimposed onto 
the macroscopic optical element 43', and causes a dif 
fuse scattering of the light beam 44 in such a manner, 
that recognition of the function of the macroscopic 
optical element 43' by means of the intensity pattern 47 
of the scattered light is at least rendered much more 
difficult, if not impossible, while the scattered light is 
still mutually coherent along the predetermined direc 
tions 45 and 46. The scattering element 43" may be 
formed by the material and/or the surface structure of 
the carrier 42, or of the optical element 43. 
The scattering angle of an arbitrary ray 48 of the total 

light scattered from the structure 43 is designated in 
FIG. 13 as 0; the angle between the ray 48 and a ray 49 
symmetrical thereto about an axis perpendicular to the 
surface of the carrier 1, when a ray of light 44 is incident 
at right angles to the surface of the document 41 is 
denoted as A6, and the scattering angle of the rays 45 
and 46 scattered in respective predetermined directions 
is denoted as 65 or -6. 

In a method of examining the genuiness of the docu 
ment 41, the light ray 44 is generated by means of an 
automatically operating test apparatus from a light 
source, and the structure 43 is illuminated thereby. 
From the light scattered from the structure 43 two 
narrow light beams 45 and 46 are extracted along the 
predetermined directions 45 and 46. By means of a pho 
todetector and an electronic signal processor there is 
obtained a measurement value from the two light beams 
45 and 46 in dependence of their mutual degree of co 
herence. From this measurement value there is obtained 
a 'yes' signal or a 'no' signal. The document 41 is 
regarded as genuine when the degree of coherence, 
namely the contrast pl or the intensity correlation g(2), 
exceeds a predetermined threshhold value. The devices 
shown in FIGS. 3,7,11 and 12 may be used for determin 
ing the degree of coherence. 

In FIG. 14 there is shown the degree of dependence 
of the contrast u from the angle A6. It can be seen 
that the contrast u reaches at A6=20s a definite maxi 
mum. Based on this maximum it can therefore be shown 
by measuring the degree of coherence with great confi 
dence that a macroscopic optical element 43' is present 
in the security blank 41. The authenticating features of 
the structure 43 remain hidden from the human eye, in 
view of the scattering element 43' scattering incident 
light thereon diffusely. 
The pattern of the light scattered from the structure 

43 is as a rule a speckled pattern, which renders mras 
urement of the degree of coherence more difficult, if the 
speckled pattern is static. This difficulty can, however, 
become circumvented by moving the document or se 
curity blank 41 during measurement of the degree of 
coherence, for example, continuously, and thus forming 
an average value of the resulting light pattern. The 
document 41 is advantageously moved in a direction 
parallel to the longitudinal axis of the optical element 
43'. 
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Ray dividers such as biprisms, partially light transmit 

ting mirrors, reflecting elements having surfaces in 
clined to one another, and the like, may serve as the 
macroscopic optical element 43', which are then em 
bedded in a material scattering the light diffusely, or 
have a surface which scatters the light diffusely. This 
will be explained in more detail by means of FIGS. 15 
through 19. 

In FIG. 15 there is shown a document 50, in whose 
carrier 42 there is embedded a strip 51. Each upper and 
lower surface of the strip 51 is formed with surfaces 52 
and 53 inclined with respect to one another, in the ex 
ample shown in FIG. 15, at an obtuse angle. The typical 
width of the strip 51 is of the order of 1 mm, while the 
length of the strip 51 may correspond to the length or 
width of the document 50. The strip 51 advantageously 
is made of metal, or a material covered with a metal 
layer, or of a transparent material. The carrier 42, may, 
for example, consist of a diffusely scattering paper, or of 
thermoplastic material having a diffusely scattering 
surface. 

In FIG. 16 there is shown a document 54, including a 
carrier 42, in which there is embedded a strip 55 having 
a reflective surface. The strip 55 which in its unbent 
state has a rectangular cross section, but is here shown 
slightly bent about a center axis, so that two surfaces 52 
and 53 are formed which are inclined at an obtuse angle 
to one another. 
The carrier of the document 56 according to FIG. 17 

consists of two layers 57 and 58 of transparent synthetic 
plastic connected to one another. The outer surfaces of 
the layers 57 and 58 are smooth. The common separa 
tion surface 59 of the layers 57 and 58 is formed, how 
ever, so as to scatter light diffusely. It therefore forms, 
on one hand, a ray divider, or ray splitter, which splits 
a ray 60 incident at an angle to the document 56 into a 
ray 61 reflected from the common separating surface 
59, and into a ray 62 transmitted through the document 
56. On the other hand, the course separating surface 59 
forms a scattering element, which scatters the light ray 
60 diffusely. When examining the document for genui 
ness, a narrow light bundle is sorted out from light 
scattered from the document 6 as shown by the rays 61, 
and another narrow light bundle in the form of a bundle 
of rays 62 is transmitted through the document 56, so as 
to measure the degree of coherence. 

In FIG. 18 there is shown a document 63, having a 
carrier 42, in which there is embedded a transparent 
strip 64 having a rectangular cross section, and whose 
surface is coated with a thin and partially light-transmit 
ting reflective layer 65. This reflective layer 65 acts as a 
ray divider, and forms a macroscopic optical element. 
The material for the surface structure of the carrier 42 
may again serve as the diffuse scattering element. The 
examination for genuiness of the document is performed 
in a manner identical to that of the document 56. 

Finally there is shown in FIG. 19 a document 66, 
having an element 67 embedded in a carrier 42, which 
element 67 has an irregular cross-section bounded by a 
plurality of surfaces 68, which are inclined to one an 
other. These surfaces 68 split any light incident thereon 
by reflection or refraction into a plurality of light rays, 
or light bundles, while the carrier 42 scatters light inci 
dent thereon diffusely. The scattered light is therefore 
mutually coherent in several predetermined directions. 
These predetermined directions are preferably arranged 
in a code pattern. When examining the document for 
genuiness, a plurality of narrow light bundles are sorted 
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out or extracted, and the code is read out by measuring 
the degree of coherence. 

In the spatial structure 72 of the type described in 
FIGS. 1, 2, and 15 through 19, a light source 73 serves 
to illuminate the structure 72, which is at least quasi 
monochromatic, and has a certain spatial coherence. 
Two narrow bundles of light rays formed from light 
scattered from the structure 72 are made to impinge on 
light-sorting members 74 and 75, or 74 and 75", respec 
tively, which are formed to receive light only along 
respective predetermined directions, and which may 
contain one or more light deflecting elements, and 
means for generating a variable optical path difference 
between the bundle of light rays incident on element 74 

O 

and 75, or 74 and 75'. The average scattering angle of 15 
the two sorted out bundles of light rays is denoted as 01 
or 02. The two bundles of light rays sorted out from the 
light scattered from the document 72 are reunited in a 
superposition member 76. Detector means 77 including, 
for example, a photoelectric detector, receive the re 
united bundle of light rays, and convert them into elec 
trical signals; the detector means 77 include signal pro 
cessing means and decision means which form a "yes' 
or “no' output. The various elements 73 through 77 
may be mounted securely or movably on a (non-illus 
trated) base plate. 
The devices of FIGS. 20 and 21 differ from one an 

other by the number of image reversals (for example 
mirror reversals) to which the bundle of light rays are 
subjected in the light sorting members 74 and 75, or 74 
and 75', as well as in the superposition member 76, as 
they pass from the structure 72 up to the point when 
they are reunited. In the device of FIG. 20 the number 
of image reversals is odd, and in the device according to 
FIG. 21 the number of image reversals is even. 
The type of superposition of the light rays obtained 

from the scattered light of the structure 72 is deter 
mined by the number of image reversals. If this number 
is odd, then the superposition results in an inverse in 
age. If the number is even, then the superposition is 
normal. The inverse superposition corresponds to sym 
metrical scanning to test for coherence, and the normal 
Superposition corresponds to asymmetrical scanning. 
The geometrical properties of the devices described 

require that a smail deviation of the light beam from the 
average direction of scattering results in a correspond 
ing deviation of the received light beam. In a corre 
sponding manner an angular deviation A6 at the detec 
tor system 77 corresponds to an angular deviation A0 
or A02 of the sorted-out bundle of rays. The inverse 
superposition is characterized by the fact that the angu 
lar deviations A61 and A62 each have a different sense, 
namely -- or - (FIG. 20). During normal superposition 
the sense of the angular deviations A61 and A02 remain 
equal (FIG. 21). This state of affairs is clarified as fol 
lows: 

Inverse Superposition (FIG. 20) 
The number of image reversals is odd, and corre 

sponds to symmetrical scanning; the sense of A01 and 
A62 differs. 
Normal Superposition (FIG. 21) 
The number of image reversals is even; this corre 

sponds to assymetrical scanning; A61 and A02 have the 
Sale SelSe. 

The contrast u of the interference fringes appear 
ing on the detector plane of the detector system 77 
depends from the average scattering angles 0 and 02, as 
well as from the angular deviation A6. FIGS. 22 and 23 

20 

25 

30 

35 

45 

50 

55 

60 

65 

12 
show the computer-determined function u = f(0,02). 
in perspective for the case where the spatial structure 72 
is a macroscopic ray divider, or ray splitter following 
the law of geometrical optics. FIGS. 24 and 25 show the 
dependence of the contrast u. from the angular devia 
tion A6 at fixedly adjusted average scattering angles 61 
and 62. 
The curve 78 shown in FIGS. 22 and 24 corresponds 

to symmetrical scanning, and has a series of isolated 
maxima. 

During asymmetrical scanning the curves 79 and 80 
result, as can be seen from FIGS. 23 and 25, which are 
relatively constant over a wide angular range. The 
maximal height of the curves 79 and 80 is, however, 
critically dependent from the selected principal direc 
tions, namely dependent from the scattering angles 61 
and 62. If sin 61-sin 62 assumes a "suitable' value, then 
according to the curve 79 a considerable contrast pu 
results over a wide range of the angular deviations A0. 
If sin 61-sin 02 deviates only slightly from this value, 
then according to the curve 80 practically no contrast 
exists. 

"Suitable' values of sin 61-sin 62 are determined by 
the diffraction or scattering properties of the structure 
72 of the authenticating feature without being cor 
rupted by any noise. Each pair of scattering directions, 
in which the structure 72 determines an intensity con 
centration of the scattered light, determines such a 
value. 

In a periodic refraction grating, for example, such 
suitable values are integral multiples of A/b, where A is 
a wavelength of the light source 73, and b the period of 
the diffraction. Based on the aforementioned descrip 
tion during normal superposition, the following mea 
surement method is preferred. First the principal direc 
tions are set for suitable values of 01 and 62. In general 
these directions are not limited to a certain plane, but 
for simplicity's sake they are described by the angles 0 
and 62. If the principal directions are so chosen that the 
difference sin 61-sin 02 is matched to the properties of 
the authenticating feature, then there is shown in the 
detector plane a long series of distinct interference 
fringes, the intensities of which are shown in FIG. 27 by 
a curve 81 and which may be easily detected. If the 
difference sin 61-sin 02 is, however, erroneously se 
lected, or if the document 71 lacks any authenticating 
feature, then there results in the detector plane along 
the curve 82 of the FIG. 27 only a diffuse intensity 
distribution. 

During inverse superposition, there appear on the 
detector plane, as can be seen from FIG. 26, only rela 
tively narrow, or sometimes very narrow series of inter 
ference fringes, in comparison to the large number of 
interference fringes arising during normal superposi 
t1On. 
The aforedescribed apparatus is particularly suitable 

for measurements of intensity during normal superposi 
tion, that is during the presence of interfering fringes on 
the detector plane the intensity variation is advanta 
geously used to obtain a measurement value to form the 
"yes" and "no" signals. This change of intensity is also 
a measure for the degree of coherence of the bundles of 
light rays, but can be measured more simply than the 
actual degree of coherence. According to FIG. 28, in 
which the same reference numeral have been used as 
those in FIG. 21, the change of intensity of the interfer 
ence fringes in the detector plane can be obtained with 
the aid of a single photodetector 83, the position of 
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which can be varied, corresponding to the angular devi 
ation A0 (FIG. 21), by an angle --x by means of a signal 
processing circuit not illustrated in FIG. 28. Any 
change in intensity of the interference fringes can be 
used in conjunction with stored threshhold values or 
threshhold functions to form a "yes' or "no' decision 
pertaining to the genuineness of the document exam 
ined. A group of stationary photoelectric diodes can be 
used in lieu of a movable photoelectric diode. 
A particularly simple apparatus for symmetrical scan 

ning is shown in FIG. 29. The document 71 to be exam 
ined is disposed on a first leg of a V-shaped holder 84, 
the second leg of which has mounted a mirror 85 
thereon. The light source 73 and the holder 84 with the 
document 71 and the mirror 85 are mounted on a (non 
illustrated) frame, which is pivotable about an axis 86. A 
second group of elements which are stationary includes 
two light-sorting members 87 and 88 extracting light 
scattered from the document 71 only within a narrow 
angular range, and a detecting system 89. The detecting 
system 89 may contain a correlation measurement de 
vice, for example according to FIG. 11, or an interfero 
metric device, for example, according to FIG. 3. 
The pivoting angle of the frame is denoted in FIG. 29 

as p1, the external angle between the plane of the docu 
ment 71 and the plane of the mirror 85 is denoted as a, 
and the angle between the plane of the document 71 and 
the direction of incidence of the light is denoted as 6. 

y denotes the angle between the first bundle of light 
rays incident on the light-sorting member 87, and the 
second bundle of rays scattered from the document 71, 
reflected from the mirror 85, and impinging on the 
light-sorting member 88, The average scattering angles 
of the two light bundles formed from the light scattered 
from the document 71 are again denoted as 61 and 62, 
respectively, 
The aforedescribed apparatus is constructed so that 

the selected scattering angles 61 and 62 are defined by 
6 = c-- d. and 62=c'-d, where c and c' are constants. 
By pivoting the frame by an angle d, the angles 81 and 
62 may be varied in opposite respective directions. The 
sum of the angles 61 and 62 is defined by the equation 

If the angles a, g and y are so chosen, that the right 
hand side of the equation is zero, then 61 = -02, in other 
words this constitutes a symmetrical scanning in a nar 
row sense, which requires only a single mechanical 
OVenet, 

If the apparatus according to FIG. 20 is chosen so 
that 62 = 61, then a symmetrical scanning can also be 
achieved by varying the wavelength or frequency of 
the light source 73. 

In FIG. 30 there is shown a document 90, in which a 
spatial structure 91 is disposed at an angle to the sub 
stantially parallel surfaces of the carrier 92. By this 
means the effective plane of the preferably macroscopic 
structure 91 can be hidden, and the probability of suc 
cessful forgery further decreased. The structure 91 can 
be still better hidden, if the document 90 consists of a 
diffusely scattering material, thus forming a stochastic 
scattering component. The structure 91 is preferably 
disposed on the carrier 92 at an angle as shown in FIG. 
31. If a plurality of such carriers 92 with different re 
spective orientations are embedded in the document 90, 
a structure is obtained having characteristic directions 
of diffraction or deflection, which are not all disposed in 
one plane. The document 93 shown in FIG. 32 contains 
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14 
an embedded carrier 94 having a macroscopic sawtooth 
structure 95, and a microscopic structure 96 superim 
posed thereto. The macroscopic structure 95 causes a 
refraction or reflection, according to the laws of geo 
metrical optics, and the microscopic structure 96 causes 
a characteristic deflection, again resulting in the fact 
that the characteristic directions of refraction or deflec 
tion are not all disposed in the same plane. 

In FIG. 33 there is shown a document 97 with a 
carrier 98 embedded therein, which has a macroscopic 
diffraction structure 99 and a reflective layer 100 coated 
thereon, which is partially transparent to light. The 
reflective layer 100 forms a ray divider or a ray splitter, 
which splits a ray incident at an angle to the document 
97 into two separate rays along a direction of reflection, 
and along a direction of transmission, respectively. The 
deflection structure 99 causes the rays to be divided or 
split even further in another plane. If a stochastic scat 
tering component is to be superimposed on the deter 
ministic scattering component formed by the diffraction 
structure 99, and the reflective layer 100, then this can 
be accomplished in a simple manner by a purposely 
caused geometric roughness of the diffraction structure 
99. 

In FIG. 34 there is illustrated a security thread 101, 
which is embedded as an authenticating feature into the 
document. The macroscopic cross-section of the secu 
rity thread 101 has a constant cross-section over a por 
tion of its length differing from a rectangular cross 
section, or from a circular cross section, while its sur 
face is formed as a microscopically embossed structure 
102. The combination of the macroscopic cross-section 
with a microscopic embossed structure 102, results in an 
authenticating feature which is particularly difficult to 
forge, and which is distinguished by a plurality of char 
acteristic directions of diffraction. 
We wish it to be understood that we do not desire to 

be limited to the exact details of construction shown and 
described, for obvious modifications will occur to a 
person skilled in the art. 

Having thus described the invention, what we claim 
as new and desire to be secured by Letters Patent is as 
follows: 

1. In a method of determining the genuineness of a 
security blank having a light redirecting spatial struc 
ture establishing at least one authenticating feature, said 
method including illuminating said spatial structure, 
forming from light scattered from said spatial structure 
two narrow bundles of light rays, and converting said 
two bundles of light rays into electrical signals, said 
spatial structure having characteristics enabling a pre 
determined amount of coherence to be established be 
tween said two bundles of light rays, 

the improvement comprising the steps of worsening 
said characteristics by a prearranged measure so as 
to largely frustrate recognition of the function of 
said one authenticating feature by intensity mea 
surements of the scattered light, while still allow 
ing recognition thereof by determining a sufficient 
degree of coherence between said two bundles of 
light rays, 

determining the degree of coherence between said 
two bundles of light rays, 

forming "yes' or "no" outputs in dependence of the 
degree of coherence determined, and 

ascertaining from said outputs information pertaining 
to the genuineness of said security blank. 



4,537,504 
15 

2. In a method as claimed in claim 1, wherein said 
spatial structure is illuminated substantially at a selected 
wave length of light, and wherein determining the de 
gree of coherence between said two bundles of light 
rays includes the steps of superimposing said bundles of 5 
light rays, forming high and low intensity interference 
fringes in a plane from said superimposed bundles of 
light rays, setting the phase between said bundles of 
light rays so as to obtain interference fringes of varying 
intensity, and forming a contrast from said values, 10 
whereby said 'yes' and "no" outputs are formed in 
dependence of said contrast. 

3. In a method as claimed in claim 2, wherein the 
phase between said bundles of light rays is varied con 
tinuously. 

4. In a method as claimed in claim 2, further compris 
ing the step of varying the phase between said bundles 
of light rays so as to obtain interference fringes of maxi 
mum and minimum intensity values. 

5. In a method as claimed in claim 2, further compris 
ing the step of detecting the presence of said interfer 
ence fringes photoelectrically. 

6. In a method as claimed in claim 2, wherein said 
contrast is formed by dividing the difference between 
said maximum and minimum intensity values by the sum 
of said maximum and minimum intensity values. 

7. In a method as claimed in claim 2, wherein Said 
bundles of light rays are formed so as to diverge from 
one another at an angle, and the phase between said so 
bundles of light is varied by pivoting said spatial struc 
ture. 

8. In a method as claimed in claim 2, further compris 
ing the step of storing a predetermined threshhold 
value, comparing said contrast with said predetermined 35 
threshold value, and forming said 'yes' output only 
upon said contrast exceeding said predetermined 
threshold value. 

9. In a method as claimed in claim 2, wherein the 
phase between said bundles of light rays is varied by 40 
varying the path length therebetween. 

10. In a method as claimed in claim 2, wherein the 
phase between said bundles of light rays is varied by 
varying the light wavelength of the light illuminating 
said structure. 45 

11. In a method as claimed in claim 1, wherein said 
degree of coherence between said two bundles of light 
rays is determined electronically. 

12. In a method as claimed in claim 2, wherein said 
bundles of light rays are formed so as to diverge at an 50 
angle from one another, and are mutually coherent with 
one another, and further comprising the step of arrang 
ing the mutually coherent light rays in several code 
patterns. - 

13. A security blank including a light-redirecting, 55 
multi-component, spatial structure 
comprising in combination, 
a deterministic component establishing at least one 

authenticating feature, and 
a stochastic component Superimposed on Said deter- 60 

ministic component, and sufficiently obscuring said 
deterministic component so as largely to frustrate 
recognition of the function of said authenticating 
feature by intensity measurements of light de 
flected therefrom, but permitting recognition of the 65 
function of said authenticating feature by measur 
ing the degree of coherence of two narrow bundles 
of light rays obtained from light reflected from said 
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spatial structure upon illumination thereof by light 
of a selected wavelength. 

14. The security blank as claimed in claim 13, wherein 
said components are elongated, and said deterministic 
component has a plurality of certain measurement dis 
tances, and said stochastic component has a correlation 
length not exceeding a predetermined fraction of one of 
said measurement distances. 

15. The security blank as claimed in claim 14, wherein 
said predetermined fraction is at most about one-fifth. 

16. The security blank as claimed in claim 13, wherein 
said deterministic component includes a macroscopic 
element redirecting any light ray incident thereon by 
refraction or reflection along two predetermined direc 
tions, and said stochastic component includes a light 
scattering element diffusely scattering light incident 
thereon. 

17. The security blank as claimed in claim 16, further 
including a carrier at least partially transparent to light, 
and wherein said macroscopic element is embedded in 
said carrier and has at least one surface including two 
surface portions inclined at a predetermined angle to 
one another. 

18. The security blank as claimed in claim 17, wherein 
said macroscopic element has a substantially rectangu 
lar cross-section. 

19. The security blank as claimed in claim 16, further 
including a carrier at least partially transparent to light, 
and wherein said macroscopic element is embedded in 
said carrier and includes ray dividing means dividing a 
ray incident thereon into two separate rays of light 
forming a predetermined angle with one another. 

20. The security blank as claimed in claim 19, wherein 
said carrier includes two layers having rough surfaces 
juxtaposed with one another constituting said ray divid 
ing means. 

21. The security blank as claimed in claim 19, wherein 
said ray dividing means includes a transparent band, and 
a partially light transmitting reflective layer mounted 
on one side of said band. 

22. The security blank as claimed in claim 13, further 
including a carrier, and wherein said deterministic com 
ponent includes a macroscopic element embedded in 
said carrier and having a plurality of surfaces inclined a 
respective predetermined angle to one another. 

23. The security blank as claimed in claim 13, further 
including a carrier at least partially transparent to light, 
and wherein said stochastic component includes a light 
scattering element, and said deterministic component 
includes a macroscopic element having a surface dif 
fusely scattering light incident thereon, said surface 
forming said light scattering element. 

24. The security blank as claimed in claim 13, further 
including a carrier at least partially transparent to light 
and composed of a certain material, and wherein said 
stochastic component includes a light Scattering ele 
ment diffusely scattering light incident thereon, said 
certain material forming said light Scattering element. 

25. The security blank as claimed in claim 16, wherein 
said macroscopic element is formed from a transparent 
material. 

26. The security blank as claimed in claim 16, wherein 
at least the surface portions of said macroscopic element 
are formed of metal. 

27. The security blank as claimed in claim 13, further 
including a carrier at least partially transparent to light, 
and having two major surfaces substantially parallel to 
one another, and wherein said spatial structure is sub 
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stantially disposed in a plane forming a predetermined 
angle with at least one of said surfaces. 

28. The security blank as claimed in claim 27, wherein 
said predetermined angle is an acute angle. 

29. The security blank as claimed in claim 13, wherein 
said deterministic component includes a macroscopic 
element, and said stochastic component includes a light 
scattering element superimposed on said macroscopic 
element. 

30. The security blank as claimed in claim 13, further 
comprising a partially light-transmitting reflective layer 
superimposed on said spatial structure. 

31. The security blank as claimed in claim 13, further 
including a carrier at least partially transparent to light, 
and wherein said authenticating feature includes an 
elongated security thread embedded in said carrier hav 
ing a macroscopic cross-section other than circular or 
rectangular, being substantially constant over a prear 
ranged portion of the length, and having an embossed 
microscopic surface structure. 

32. In an apparatus for determining the genuineness 
of a security blank, said security blank including at least 
one authenticating feature in the form of a spatial struc 
ture, said apparatus being adapted to be used with a 
light source illuminating said spatial structure at a se 
lected wavelength of light, and including at least two 
light-sorting members forming an angle between each 
other, each selecting a narrow bundle of light rays from 
light scattered from said spatial structure, and redirect 
ing said bundle of light rays, photoelectric means re 
ceiving the redirected bundle of light rays and generat 
ing an electrical signal therefrom, signal processing 
means connected to said photoelectric means receiving 
said electrical signal and determining therefrom a char 
acteristic measurement value for said spatial structure, 
and decision means forming "yes' or "no" outputs in 
dependence of said characteristic measurement value, 

the improvement comprising 
an elongated deterministic component having a plu 

rality of measurement distances, and an elongated 
stochastic component, said components being in 
cluded in said spatial structure, said stochastic com 
ponent scattering light impinging thereon in a dif 
fuse manner, and having a correlation length not 
exceeding a predetermined fraction of one of said 
measurement distances, 

said signal processing means determining said charac 
teristic measurement value by determining the de 
gree of coherence of said narrow bundles of light 
rays. 

33. The apparatus as claimed in claim 32, wherein 
said predetermined fraction is at most one fifth of one of 
said measurement distances. 

34. An apparatus as claimed in claim 32, further com 
prising superimposing means superimposing said nar 
row bundles of light rays. 

35. An apparatus as claimed in claim 34, further com 
prising a light path-difference forming member ar 
ranged ahead of said superimposing means, so as to 
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form a variably adjustable optical difference path be 
tween said light bundles. 

36. An apparatus as claimed in claim 34, further com 
prising pivotable means holding said security blank, and 
wherein said photoelectric means are disposed in a 
plane, and wherein interference fringes of varying in 
tensity obtained from light rays passing through said 
Superimposing means appear on said plane, a contrast 
being defined between the light and the dark of said 
interference fringes, said decision means forming a 
'yes' output only upon said contrast exceeding a prede 
termined value when pivoting said pivotable means. 

37. An apparatus as claimed in claim 36, wherein said 
contrast is defined between the lightest and darkest of 
said interference fringes upon adjusting said pivotable 
means for said light and dark interference fringes to 
attain maximum light and dark values, respectively. 

38. An apparatus as claimed in claim 32, wherein said 
signal processing means includes electronic correlator 
eaS. 

39. An apparatus as claimed in claim 32, further in 
cluding means for operatively varying said angle, said 
decision means including storage means storing a 
threshhold value comparing said measurement value 
therewith, and forming a "yes' output only upon said 
measurement value exceeding said threshhold value. 

40. An apparatus as claimed in claim 34, wherein said 
superimposing means form high and low intensity inter 
ference fringes in a predetermined plane, and further 
including means of setting the path difference of said 
angle between said bundle of light rays so as to obtain 
interference fringes of light and dark intensity values, 
said signal processing means determining from said light 
and dark intensity values said degree of coherence of 
said narrow bundles of light rays. 

41. An apparatus as claimed in claim 40, further com 
prising means for varying the path difference or said 
angle between said bundle of light rays so as to obtain 
interference fringes of maximum light and dark values, 
respectively, said signal processing means determining 
from said of maximum values said degree of coherence 
of said narrow bundles of light rays. 

42. An apparatus as claimed in claim 36, wherein said 
light-sorting members and said superimposing means 
form at least a partial image of said spatial structure in 
said plane so as to undergo a predetermined number of 
reversals. 

43. An apparatus as claimed in claim 42, wherein said 
number of reversals is even. 

44. An apparatus as claimed in claim 42, wherein said 
number of reversals is odd. 

45. An apparatus as claimed in claim 32, further com 
prising pivoting means adapted to have the light source 
installed thereon, and wherein one of said light-sorting 
members is mounted on said pivoting means. 

46. An apparatus as claimed in claim 32, wherein the 
wavelength of the light is selectable within predeter 
mined limits. 

47. An apparatus as claimed in claim 32, which is 
automatically operable. 
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